Aims. Finding tracers of the innermost regions of prestellar cores is important for understanding their chemical and dynamical evolution before the onset of gravitational collapse. While classical molecular tracers, such as CO and CS, have been shown to be strongly depleted in cold, dense gas by condensation on grain mantles, it has been a subject of discussion to what extent nitrogen-bearing species, such as ammonia, are affected by this process. As deuterium fractionation is efficient in cold, dense gas, deuterated species are excellent tracers of prestellar cores. A comparison of the spatial distribution of neutral and ionized deuterated species with the dust continuum emission can thus provide important insights into the physical and chemical structure of such regions. Methods. We study the spatial distribution of the ground-state 335.5 GHz line of ND 2 H in LDN1689N, using APEX, and compare it with the distribution of the DCO + (3-2) line, as well as the 350 µm dust continuum emission observed with the SHARC II bolometer camera at CSO. Results. While the distribution of the ND 2 H emission in LDN1689N is generally similar to that of the 350 µm dust continuum emission, the peak of the ND 2 H emission is offset by ∼10 ′′ to the East from the dust continuum and DCO + emission peak. ND 2 H and ND 3 share the same spatial distribution. The observed offset between the ND 2 H and DCO + emission is consistent with the hypothesis that the deuterium peak in LDN1689N is an interaction region between the outflow shock from IRAS16293-2422 and the dense ambient gas. We detect the J = 4 → 3 line of H 13 CO + at 346.998 GHz in the image side band serendipitously. This line shows the same spatial distribution as DCO + (3-2), and peaks close to the 350 µm emission maximum which provides further support for the shock interaction scenario.
Introduction
Deuteration of nitrogen compounds, such as ammonia and N 2 H + , is spectacular in a number of environments including dark clouds, such as L134N (Tiné et al. 2000; Roueff et al. 2000; Roueff et al. 2005) , low-mass star forming regions and prestellar cores such as LDN1689N and Barnard 1 (Loinard et al. 2001; Gerin et al. 2001; Lis et al. 2002a) . The discussion of the respective contributions of grain and gas-phase processes in the deuteration is active, but no definite solution is yet available. The lack of detection of deuterated water in ices toward low-mass young stellar objects (YSOs) by Dartois et al. (2003) and Parise et al. (2003) suggests that "another mechanism than pure solid state chemistry may be active to produce very high deuterium enrichment in the gas phase."
Further constraints on the deuterium fractionation mechanisms are provided by the spatial distribution of deuterated species, as compared with the molecular gas distribution traced
Send offprint requests to: M. Gerin by the submillimeter dust continuum emission. Whereas maps of singly deuterated species have been published in many cores -the relatively large line intensities of e.g. DCO + , N 2 D + allow easy mapping with state of the art detectors -mapping multiply deuterated species has proven to be a challenge, given the relatively low line intensities. Ceccarelli et al. (2001) have shown that the D 2 CO emission is extended around the class 0 protostar IRAS16293-2422. Roueff et al. (2005) present a limited map of the ND 3 ground-state transition at 309 GHz with the CSO in LDN1689N, which unfortunately suffers from rather poor pointing accuracy. Because the ground state ND 2 H 1 0,1 −0 0,0 lines, at 335.5 for the ortho species and 335.4 GHz for the para species (See Coudert and Roueff (2006) for NH 3 and its isotopologues line frequencies), are relatively strong (0.6 K in LDN1689N; Lis et al. 2006 ) and the atmospheric transmission is good at this frequency, we have carried out the first map of a doubly deuterated species in a dense core.
Observations
The observations have been carried out using the APEX2a 350 Lis et al. (2002b) and Stark et al. (2004) show that the source emission rapidly drops towards the East.
The data have been corrected for the sideband gain and the APEX main beam efficiency of 0.7 at 335 GHz. The temperature scale used in this paper is the main beam brightness temperature scale. Overall, the data calibration agree well with the CSO spectrum presented by Lis et al. (2006) . The FWHM beam size of APEX is 18 ′′ at 335.5 GHz.
Results
Fig . 1 shows the average spectrum integrated over the map, while contour maps are shown in Fig. 2 . The ortho-and para-ND 2 H(1 11 −0 00 ) lines are clearly detected with a mean intensity ratio of 2:1, reproducing the ortho-to-para statistical weight ratio (Lis et al. 2006) . We have also detected the H 13 CO + (4-3) line at 346.998 GHz in the image side band, which is discussed below. Fig. 2 shows contours of the main ND 2 H emission at 335.5 GHz (in white) overlayed over a 350 µm continuum image. The ND 2 H emission is clearly extended and shows an elongated shape generally similar to the dust continuum emission. The limited ND 3 map shown by Roueff et al. (2005) shows the same elongated pattern. Over the limited extend of the ND 2 H map, the line and continuum emissions are positively correlated with a correlation coefficient of 0.29. This rather weak correlation is due to the difference in peak positions of the ND 2 H line emission with respect to the continuum peak, the ND 2 H emission beeing offset by ∼10 ′′ to the East of the dust contimuum emission maximum. This offset far exceeds the pointing uncertainties (∼2 − 3 ′′ ). The right panel in Fig. 2 shows an overlay of the ND 2 H contours on a DCO + (3-2) map (Lis et al. 2002b) . The ND 2 H peak is clearly offset from the DCO + peak too. D 2 CO (Ceccarelli et al. 2000) , ND 3 (Roueff et al. 2005 (Stark et al. 2004 ). This velocity difference was first recognized by Lis et al. (2002b) who suggested that it results from the shock interaction of the powerful blue lobe of the IRAS16293-2422 outflow with the dense core. The blue lobe of the molecular outflow is interacting and compressing LDN1689N, creating dense and cold post-shock gas, blueshifted relative to the cloud envelope. The deuterated species preferably sample this cold and dense material as deuterium fractionation is more efficient at low temperatures and high gas densities. The large-scale CO and continuum maps presented by Lis et al. (2002b) and Stark et al. (2004) present convincing evidence for this scenario.
ND 2 H spatial distribution
The spatial offset between DCO + and ND 2 H provides additional support for the C-shock hypothesis. The DCO + ion is detected ahead of the neutral species ND 2 H, closer to IRAS16293-2422. The spatial separation, 10 ′′ , or ∼0.01 pc, is consistent with C-shock models with a pre-shock density of 10 4 cm −3 and a magnetic field of 30 µG (Lesaffre et al. 2004 ), which predict a total shock size of 0.04 pc. The deuterium chemistry in shocks has been previously studied by Pineau des Forêts et al. (1989) and Bergin et al. (1999) in different contexts. Because of the sensitivity of deuterium fractionation to both the gas temperature and the molecular depletion, it is expected that DCO + will be reformed more rapidly than ND 2 H in the post-shock gas. While DCO + is formed as soon as the gas temperature drops, efficient ND 2 H formation requires both cold temperatures and significant CO depletions, which are expected to occur downstream (Bergin et al. 1999) . A spatial offset could therefore exist between abundance peaks of DCO + and ND 2 H, as we have detected. More detailed shock models, would be able to further test the validity of this scenario.
ND 2 H abundance
We have fitted the ND 2 H spectra using the hyperfine fitting command in CLASS. Although the signal-to-noise ratio is not high enough for securely deriving the line opacity at all positions, it is clear that the maximum opacity coincides with the maximum signal. The opacity derived for the average of all positions excluding (10 ′′ ,0 ′′ ) is 0.2 ± 0.48, and the corresponding excitation temperature is 8 ± 3 K, in good agreement with Lis et al. (2006) . The spectra show some indication of higher line opacity, and lower excitation temperature (τ = 3.11 ± 1.5; T ex = 5 ± 1 towards the two positions with highest intensities (0,-10 ′′ ) and (0,-20 ′′ ).
The ND 2 H column densities have been derived assuming optically thin emission, LTE and using a uniform excitation temperature of 5 K. They are listed, together with the H 2 column density derived from dust continuum measurements in Table 1 . We use the 350 µm dust continuum map obtained with SHARC II at the CSO (Fig. 2) , and a a dust opacity of by Stark et al. (2004) , but on the lower side: we detect a maximum intensity of 16 Jy in a 20" beam, to be compared with 19.4 ± 2.3 Jy in Stark et al. (2004) . This dicrepancy may be an indication that some low-level entended emission is filtered out in the SHARC II image, which has been obtained in the "AC-biased mode", without the secondary chopper. The resulting H 2 column densities reported in Table 1 could therefore be affected by this 35% uncertainty.
The H 2 column density ranges from 3.1 × 10 22 cm −2 to 7.2×10 22 cm −2 across the map. The corresponding ND 2 H abundances varies from 0.7 × 10 −9 to 2.6 × 10 −9 relative to H 2 , with a mean value of 1.8 × 10 −9 , in good agreement with previous work (Lis et al. 2006) . ND 2 H appears to be remarkably abundant in this dense core. For the three positions where reliable ND 3 data exist (Roueff et al. 2005) , the [ND 3 ]/[ND 2 H] abundance ratio is 0.01 -0.02, and seems to increase with increasing ND 2 H column density.
H 13 CO +
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2 Roueff et al. (2005 (Fig. 2) , which is very similar to the DCO + (3-2) map obtained at the CSO (see right panel of Fig. 2 ).
Conclusions
1. We show that the ND 2 H emission is extended in the LDN1689N dense core. The abundance relative to H 2 , derived from LTE, is ∼ 1.8 × 10 −9 , which makes ND 2 H a remarkably abundant molecule in this dense core. The [ND 3 ]/[ND 2 H] abundance ratio is 0.01 -0.02. 2. The ND 2 H emission is spatially offset from the dust continuum DCO + (3-2) and H 13 CO + (4-3) emission by ∼ 0.01 pc, and appears to be blueshifted relative to the cloud envelope. Both findings are qualitatively consistent with the scenario of the formation of the LDN1689N dense core by the interaction of the blue lobe of the IRAS16293-2422 molecular outflow with the ambient material. Detailed models could further test this scenario.
